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METHOD AND SYSTEM FOR RATE-2 
TRANSMISSION 

RELATED APPLICATION DATA 

This application claims priority to and is a continuation 
in-part of U.S. patent application Ser. No. 11/175,430, filed 
Jul. 5, 2005, and titled “A Method and System for Rate-2 
Transmission'. This application also claims priority to U.S. 
provisional application No. 60/602,082, filed Aug. 16, 2004, 
and titled “Communication System and Methods”; and, U.S. 
provisional application No. 60/606,358, filed Aug. 31, 2004, 
and titled “Communication System and Methods.” This 
application is related to U.S. patent application Ser. No. 
11/175,621, filed Jul. 5, 2005, and titled “A Method and 
System for Maximum Transmit Diversity'. 

FIELD OF THE INVENTION 

The invention relates generally to the field of encoding of 
signals for the purpose of signal transmission in a wireless 
communication network comprising multiple transmit and 
receive antennas. More specifically the invention relates to a 
method deployed during transmitting symbols in a rate-2 
complex symbol per second per Hertz transmission system 
while achieving maximum diversity. 

BACKGROUND OF THE INVENTION 

Reliability and speed of communications in a wireless 
network is increasingly crucial to serve growing user 
demands. This necessitates increasing constant improve 
ments in technology. 

Wireless communications systems can be deployed using a 
single transmit and a single receive antenna. The wireless 
channel distorts and adds other impairments to the received 
signal. These include additive noise, interference, time selec 
tive, frequency selective and space selective fading. Fading 
implies that the signal can be at different level at different 
antennas, or frequency or time. It is therefore important to 
transmit and or receive multiple replicas of the signal from 
multiple dimensions in space, frequency or time to increase 
the overall link reliability. This approach is known as diver 
sity and is an important technique to assure reliable wireless 
communication over fading channels. Space diversity is 
obtained by using multiple antennas in the transmitter and/or 
in the receiver. When a multiple transmitter-receiver antenna 
system is deployed, not only can the reliability be improved 
but also the data rate can be enhanced. 

Typically digital modulation of transmitted data is used. 
Example of such modulation schemes include M-ary quadra 
ture amplitude modulation (QAM), M-ary phase shift keying 
(PSK) etc. Multiple access schemes are also employed to 
Support multiple users. Multiple access Schemes include code 
division multiple access (CDMA), time division multiple 
access (TDMA), orthogonal frequency division modulation 
(OFDM) and orthogonal frequency division modulation 
access (OFDMA) are employed. Multiple antenna schemes 
can be used with any modulation and multiple access Scheme. 
The data to be transmitted (e.g., the information bits) are 

encoded with a chosen coding scheme to generate coded bits. 
With multiple transmit antennas, coding includes the space 
dimension along with time or frequency dimensions and are 
specific to the number of transmit and receive antennas. The 
encoding scheme determines the diversity that can be cap 
tured, the transmission rate, and the decoding complexity at 
the receiver. The transmission rate refers to the average num 
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2 
ber of complex symbols that can be transmitted in one time 
slot or frequency bin. Transmission rate two requires at least 
2 transmit and 2 receive antennas. A configuration with mul 
tiple transmit and receive antennas is known as MIMO (mul 
tiple input-multiple output). 
Though different MIMO encoding schemes are available, 

these schemes do not simultaneously support transmission 
rate two, low complexity decoding at the receiver, maximum 
transmit diversity performance, and are not capable of being 
used with more than two transmit antennas. For example U.S. 
Pat. No. 6,185,258 describes the Alamouti code, a code which 
is only a rate one scheme and applicable to two transmit 
antennas only. Other schemes do not offer maximum diver 
sity or low complexity decoding. 

Since wireless systems sometimes operate with more than 
two (2) transmit antennas, there is a need to develop signal 
encoding schemes for a MIMO system with more than 2 
transmit antennas, where the encoding schemes further Sup 
port a transmission rate of two complex symbols pertime slot 
or frequency bin, and also offers maximum diversity as well 
as low complexity decoding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings when read in conjunction 
with the description show various embodiments of a method 
and system for signal transmission, but none of the embodi 
ments shown herein are limited to the configurations shown. 

FIG. 1 is a block diagram of a multiple input multiple 
output (MIMO) communication system, under an embodi 
ment. 

FIG. 2 is a block diagram of an antenna system of the 
MIMO communication system, under an embodiment. 

FIG. 3 is a flow diagram for encoding an input signal set in 
the MIMO communication system, under an embodiment. 

FIG. 4 is a flow diagram for uniformantenna loading in the 
MIMO communication system, under an embodiment. 

FIG. 5(a) is a regular quadrature amplitude modulation 
(QAM) constellation, under an embodiment. 

FIG. 5(b) is a rotated QAM constellation, under an 
embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a block diagram of a multiple input multiple 
output (MIMO) communication system 100, under an 
embodiment. The MIMO communication system 100 is a 
wireless communication system but is not so limited. The 
MIMO communication system 100 is also referred to herein 
as a “MIMO system” or “MIMO system 100” but is not so 
limited. While the MIMO communication system 100 is sus 
ceptible of embodiment in many different forms, there are 
shown in the figures and herein described in detail specific 
embodiments. It is understood however that the descriptions 
herein include examples of the principles of the invention and 
do not limit the MIMO communication system to the specific 
embodiments shown and/or described. Further, the terms and 
words used herein are not to be considered limiting, but rather 
merely descriptive. It will also be appreciated that for sim 
plicity and clarity of illustration, common and well-under 
stood elements that are useful or necessary in a commercially 
feasible embodiment may not be depicted in order to facilitate 
a less obstructed view of these various embodiments. Also, 
elements shown in the figures have not necessarily been 
drawn to scale. For example, the dimensions of Some of the 
elements are exaggerated relative to each other. Further, 
where considered appropriate, reference numerals have been 
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repeated among the figures to indicate corresponding ele 
ments. The MIMO communication system may be embodied 
in several forms and manners, all of which are not described 
or shown herein. The invention shall have the full scope of the 
claims and is not to be limited by the embodiments shown 
below. 

In wireless communication, since frequency-selective fad 
ing distorts the signal, a modulation scheme of the MIMO 
system 100 partitions the transmitted signal into a number of 
narrow “frequency subchannels', also referred to as fre 
quencybins. Each subchannel is associated with a respective 
Subcarrier upon which data is modulated, and may be viewed 
as an independent “transmission channel. As the Subchan 
nels are relatively narrow they are each generally free of any 
frequency domain distortion save a simple Scaling. 
The MIMO system 100 of an embodiment uses multiple 

transmitter and receiver antennas to increase reliability and 
rate of transmission in wireless channels. The MIMO system 
100 of an embodiment includes methods and systems for the 
encoding and transmission of symbols. A signal undergoes 
encoding before transmission. Encoding generally deter 
mines the decoding mechanism. Once the encoding process 
has been completed, the signal is transmitted using the trans 
mitterantennas. Any number of transmission schemes may be 
used for the transmission. A "Rate' is defined as the ratio of 
the number of complex symbols transmitted in one codeword 
to the product of the number of frequency sub-carriers and 
time slots used in the codeword. An embodiment of the 
MIMO system 100 discloses a method of encoding in a rate-2 
complex symbols per second per hertz (eight symbols per 
codeword) transmission system using the multiple transmit 
antennas where the encoded symbols can be transmitted over 
three and four transmit antennas. Transmitting symbols in a 
Rate-2 transmitter system of an embodiment with three trans 
mit antennas provides a diversity of three while four transmit 
antennas provides a diversity of four. 

Referring to FIG. 1, the MIMO system 100 of an embodi 
ment couples to one or more components of a wireless com 
munications channel 135, alternatively referred to as trans 
mission channel 135 or transmission medium 135. The 
MIMO system 100 of an embodiment includes a number “n” 
of transmit antennas 105, 110, 115 and a number 'm' of 
receive antennas 120, 125, 130 for use in transmitting or 
transfering signals over the transmission channel 135. The 
number n of transmit antennas can include any number of 
antennas and, likewise, the number m of receive antennas can 
include any number of antennas. The number of transmit 
antennas may be the same as or different from the number of 
receive antennas. The receive antennas may be located on 
and/or coupled to any wireless receiver residing on a base 
station and located on any of a radio tower, access point or hub 
or station, and/or on any wireless enabled client device Such 
as a wireless computer, wireless laptop and/or a hand held 
device. Such as a mobile phone and/or a personal digital 
assistant (PDA). The number of receive antennas is typically 
not less than two (2). The transmit antennas can be located on 
and/or coupled to any wireless transmitter residing on a base 
station and located on any of a radio tower, access point or hub 
or station, and/or on any wireless enabled client device Such 
as a wireless computer, wireless laptop and/or a hand held 
device. Such as a mobile phone and/or a personal digital 
assistant (PDA). The data to be transmitted using components 
of the MIMO system is mapped onto a signal for transmission 
from the transmit antennas and, simultaneous with or Subse 
quent to receipt, interpreted on the receiver. The receiver 
decodes information of the received signal to retrieve the 
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4 
original data. The transmitted signal may include video, 
audio, Voice and/or other forms of data. 

In order to encode the signal efficiently, each signal of an 
embodiment is represented in the form of complex symbols. 
A complex symbol used in the encoding process comprises a 
real part and an imaginary part but is not so limited. The 
degree of redundancy in the encoding process is related to the 
diversity sought in transmission. This redundancy can be 
incorporated as space, time or frequency block codes. 

FIG. 2 is a block diagram of an antenna system 205 of the 
MIMO communication system, under an embodiment. The 
MIMO communication system of an embodiment, which is a 
wireless communication system, comprises at least one trans 
mitter antenna system 205. The transmitter antenna system 
205 of an embodiment includes n transmit antennas 105,110, 
115, as described above with reference to FIG.1. The trans 
mitter receives a string of bits for transmission. The string of 
bits represents the data that is to be transmitted and therefore 
undergo encoding before transmission. The transmitter 
antenna system 205 is coupled to a plurality of transmit anten 
nas 250 to enable a MIMO transmission. In one embodiment 
the transmitter antenna system 205 comprises three transmit 
antennas 250 and achieves a diversity of three due to the 
encoding and transmission techniques, explained below in 
greater detail. A maximum diversity of four generally may not 
be realized using three transmitter antennas as Some inter 
leaved symbols lack redundant symbols to assist in the decod 
ing process, as described below with reference to FIG. 3. 
The antenna system 205 further comprises an encoding 

module 206. The encoding module 206 further comprises a 
rotating module 208 and an interleaving module 207 coupled 
for communication with each other. The encoding module 
206 is responsible for encoding the string of bits (complex 
symbols) and sending the encoded bits to the transmitting 
module 209. Similarly, the receiver components comprise a 
decoding module 215 coupled to a plurality of receiver anten 
nas 251 in order to receive the encoded bits. The receiver 
antennas 251 of an embodiment include m receive antennas 
120, 125, 130, as described above with reference to FIG. 1. 
The encoded bits on being decoded provide the original data 
that is being transmitted from the transmitter antenna system 
205. 
The transmitter antenna system 205 is coupled to three 

transmit antennas 250 and uses a rate-2 complex symbols per 
second per hertz (eight complex symbols per codeword) 
transmission scheme. The string of bits representing the data 
that is to be transmitted are mapped onto a constellation Such 
as a Quadrature Amplitude Modulation (QAM) constellation 
for example. The transmitted complex symbols, eight com 
plex symbols in a rate-2 scheme, take values from a constel 
lation. The String of bits represents the base band signal, 
which is transmitted over the transmission channel using a 
carrier frequency. An embodiment of the MIMO system that 
transmits the eight complex symbols (chosen from the con 
Stellation) using three transmit antennas is explained below. 
The encoding module 206 receives a set of eight symbols 

(Rate-2) that obtain values from a constellation. Each symbol 
in the constellation of an embodiment is represented in a 
different manner than each other symbol but the embodiment 
is not so limited. A complex symbol is two-dimensional and 
can be placedon a numberplane defined by a real number axis 
(horizontal) and an imaginary number axis (vertical). Hence 
a complex number has a real part and imaginary part written 
in the form a+b, where the variable “a” represents the posi 
tion along the real axis, while the variable “b’ represents the 
position along the imaginary axis. The two-dimensional val 
ues relate to the magnitude and phase of an electromagnetic 
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wave traveling through free space. Any two symbols in the 
constellation of an embodiment have different real parts and 
different imaginary parts but are not so limited. Therefore, no 
two symbols in the constellation lie on a vertical or on a 
horizontal line of the complex plane. In the case where the 
constellation is not represented in this manner, the constella 
tion is rotated by an angle (e.g., 0.5*tan' (2)), which results in 
a constellation with the above property. The constellation 
satisfying the above property is referred to as a rotated con 
stellation as described below with reference to FIG. 5(b). The 
constellation may not be rotated if the constellation satisfies 
the above property. 

The set of eight complex symbols to be transmitted, chosen 
from the constellation, are represented as X1, X2, X, X, Xs, X. 
X7 and Xs. Although the set of eight symbols chosen from the 
constellation can be the same symbol with the same real and 
imaginary parts, the constellation that each symbol from the 
set of eight symbols is chosen from is represented in a differ 
ent manner than each other symbol. Therefore, the real part of 
a symbol from the constellation is different from the real part 
of any other symbol and the imaginary part of a symbol from 
the constellation is different from the imaginary part of any 
other symbol of the constellation. However, the real part of 
one symbol can be equal to the imaginary part of another 
symbol in the constellation. The symbols that obtain values 
from the constellation (i.e. X1, X2, Xs, X, Xs, X. X7 and Xs) are 
then interleaved. Interleaving is a process in which the real 
part of a first complex symbol is combined with an imaginary 
part of a second complex symbol, and the real part of the 
second complex symbol is combined with the imaginary part 
of the first complex symbol. For example, using the symbols 
above, the real part of a complex symbol x is combined with 
an imaginary part of complex symbol X, and the real part of 
X is combined with the imaginary part of Xs. For example, as 
per one embodiment, the interleaving can be as follows: 

Xs-XsitiX2: 

where X1,X2, X3, X4, X5, X6, X7 and X8 are the set 
of eight interleaved symbols corresponding to the set of eight 
complex symbols chosen from the constellation. The symbols 
each satisfy the relation, X, X,+ix, where i-1,2,3 ... 8 and 
j=-1. The interleaving module 207 combines the symbols in 
a manner where each interleaved symbol comprises informa 
tion of two symbols from the set of the eight symbols. This is 
possible because each interleaved symbol includes the com 
bination of the real part of one symbol and the imaginary part 
of another symbol. The interleaving can be performed using 
various permutations and combinations of each of the sym 
bols chosen from the constellation. 

The encoding module 206 transfers the set of eight inter 
leaved symbols to a transmitting module 209 for transmitting. 
The transmitting module 209 transmits the set of eight inter 
leaved symbols using the three transmit antennas 250. The 
interleaved symbols of an embodiment can be represented as 
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6 
a matrix where each row of the matrix represents or corre 
sponds to an antenna of the transmitter antennas and the 
symbols are transmitted using the transmitter antennas 250. 
The matrix provides a representation of the interleaved sym 
bols in an embodiment, and other ways of representing the 
interleaved symbols can also be used as all Such ways are 
within the scope of the MIMO system of an embodiment. As 
stated previously, the set of eight interleaved symbols corre 
sponding to the set of eight symbols chosen from the constel 
lation are subjected to a process that generates a complex 
conjugate and a negative complex conjugate of each inter 
leaved symbol to incorporate redundancy during transmis 
sion. Redundantly transmitting a selected few of the set of 
eight interleaved symbols in different forms, such as a com 
plex conjugate and a negative complex conjugate of the inter 
leaved symbols, provides additional Support to the decoding 
module to retrieve the original data accurately in cases where 
symbol information is lost in the transmission channels 210 
due to the presence of extraneous factors. 

In an embodiment, two transmit antennas of the three trans 
mit antennas transmit a predetermined combination of a first 
four interleaved symbols, a complex conjugate of the first 
four interleaved symbols and a negative complex conjugate of 
the first four interleaved symbols from the set of eight inter 
leaved symbols in a predetermined manner over a first trans 
mission Sub-carrier channel of the transmission channels 210 
(individual channels not shown). The transmit antennas also 
transmit a predetermined combination of a second four inter 
leaved symbols, a complex conjugate of the second four 
interleaved symbols and a negative complex conjugate of the 
second four interleaved symbols from the set of eight inter 
leaved sub-carrier symbols in a manner over a second trans 
mission Sub-carrier channel of the transmission channels 210. 
The transmission ensures that each transmitterantenna of the 
three transmitter antennas transmits information (real part 
and/or imaginary part) about each symbol from the set of 
eight symbols over two channels of the transmission channels 
210. The arrangement of the interleaved symbols is such that 
they are transmitted over two transmission channels using 
three or four antennas. 
The “transmission sub-carrier channel described above 

refers to a tone or frequency over which the symbols are 
transmitted Since the interleaving module 207 ensures that 
each interleaved symbol comprises information of two com 
plex symbols, the transmitterantenna while transmitting each 
interleaved symbol is in essence transmitting information of 
two complex symbols. The interleaving process of an 
embodiment enables a diversity of three for a three transmit 
ter antenna system but is not so limited. The interleaved 
symbols can be transmitted based on various permutations as 
long as each transmitter antenna transmits information of 
each symbol form the set of eight symbols in a rate-2 trans 
mission scheme. 

In the case of a four antenna transmit system the transmis 
sion ensures that each transmitter antenna of the four trans 
mitterantennas transmits information (real part and/or imagi 
nary part) about each symbol from the set of eight symbols 
over two of the transmission channels 210 at two time 
instances. 

FIG.3 is a flow diagram for encoding and transmitting 300 
the set of eight symbols of an input signal set, under an 
embodiment. The components of the antenna system 205 
(FIG. 2) execute or control the encoding and transmitting 300 
in an embodiment. The MIMO system of an embodiment 
maps a string of bits that represent data to be transmitted onto 
constellation points. Components of the MIMO system select 
305 at least one set of eight symbols, which obtain values 
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from the constellation points. The same signal point from the 
constellation can be chosen for the set of eight symbols but 
the embodiment is not so limited. In an embodiment, eight 
different symbols are chosen from the constellation. Each 
signal point in the constellation has a different representation 5 
compared to the other symbol. If the representation of the 
signal points is the same (the real or imaginary part of at least 
one signal point is the same as the real and imaginary part of 
any other signal point) the constellation is rotated. The rota 
tion of an embodiment is 0.5*tan' (2) but the embodiment is 
not so limited. 
Assuming for example that the set of eight symbols is 

represented as X1, X2, Xs, X, Xs, Xs, X7 and Xs, then X1, X2, Xs. 
X, Xs, X, X, and Xs can take the same value or different values 
from the constellation. In an embodiment, X1, X2, Xs, X, Xs. 
X, X, and Xs are different signal points chosen from a rotated 
constellation. The set of eight symbols are then interleaved 
310. The interleaving 310 of the symbols ensures that each 
interleaved symbol comprises information of two symbols 
from the set of eight symbols. This achieves a diversity of 
three on a three transmitter antenna system but is not so 
limited. In an embodiment, the interleaving process combines 
the real part of one symbol with the imaginary part of another 
symbol. The result is that each interleaved signal includes a 
real part of one signal and an imaginary part of another signal. 
For the set of symbols X1, X2, Xs, X, Xs, X, X7 and Xs the 
interleaving process can be done in several ways. For 
example, 
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where X, X, X, X, Xs, X, X, Xs are the set of 
eight interleaved symbols corresponding to the set of eight 
symbols. The set of eight interleaved symbols X, X, X, 
X, Xs, X, X, Xs can be interleaved in several different 
ways and all such ways are within the scope of the MIMO 
system described herein. 

In order to incorporate redundancy during transmission to 
account for the loss due to transmission channel fading, noise, 
interference and/or any other form of loss or degrading of 
signal, each interleaved symbol is replicated in the form of a 
complex conjugate and a negative complex conjugate. Per 
forming a complex conjugate and a negative complex conju- 55 
gate changes the sign of a certain term in the complex symbol 
and can be used to get additional information of the complex 
symbol in the event of a loss of signal in the transmission 
channel. For example, if the interleaved symbol X, which 
comprises information of complex symbols X and Xs suffers 60 
interference, the complex conjugate of X represented as 
X* can be used to retrieve information of the original chan 

nel symbol. 
Once the complex symbols have been interleaved, in one 

embodiment, they are arranged in a matrix where each row of 65 
the matrix corresponds to a transmitter antenna. Pursuant to 
one embodiment, the matrix can be represented as follows for 
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50 

8 
a three transmit antenna System. This matrix is presented to 
depict a representation for transmission of the interleaved 
symbols and any structure that enables transmission in the 
manner described herein can be used and is within the scope 
of the MIMO systems of an embodiment. 

Each row of the matrix represents a transmitter antenna, 
where the first two columns of the matrix represent a first 
transmission Sub-carrier channel (a specified frequency for 
transmission), and the last two columns of the matrix repre 
sent a second transmission Sub-carrier channel. The inter 
leaved symbols in the first column and the third column of the 
matrix are transmitted at the first time and the interleaved 
symbols in the second column and the fourth column of the 
matrix are transmitted at the second time in an embodiment. 
However, the interleaved symbols from the first two columns 
are transmitted over a first transmission Sub-carrier channel 
and the interleaved symbols from the last two columns are 
transmitted over a second transmission channel. 

Subsequent to and/or simultaneous with the interleaving 
operation, a combination of a first four interleaved symbols, a 
complex conjugate of the first four interleaved symbols and a 
negative complex conjugate of the first four interleaved sym 
bols from the set of eight interleaved symbols are generated 
315 and transmitted 325 over a first transmission channel 
using two transmit antennas from the three transmit antennas. 

Further, a combination of a second four interleaved sym 
bols, a complex conjugate of the second four interleaved 
symbols and a negative complex conjugate of the second four 
interleaved symbols from the set of eight interleaved symbols 
are generated 320 and transmitted 330 over a second trans 
mission Sub-carrier channel using two transmit antennas from 
the three transmit antennas. 

For example, in the embodiment of the matrix provided 
above, the first antenna transmits interleaved symbol X and 
a negative complex conjugate of X represented as - CX)* 
on the first transmission channel and interleaved symbol Xs 
and negative complex conjugate of X represented as 
-(X) on the second transmission channel. Hence, X 
comprises information of complex symbol X and complex 
symbol X, while - (X) comprises information of complex 
symbol X and complex symbol Xs. The second transmit 
antenna transmits interleaved symbol X and complex con 
jugate of interleaved symbol X on the first transmission 
channel and interleaved symbol X and a complex conjugate 
of Xs represented as (Xs) on the second transmission 
channel. The arrangement of the interleaved symbols for 
transmission is such that the interleaved symbols of the first 
row of the matrix and the interleaved symbols of the second 
row of the matrix, being transmitted over the first transmis 
sion Sub-carrier channel retain an orthogonal property. Simi 
lar to the first transmit antenna, the set of four interleaved 
symbols transmitted using the second transmit antenna also 
comprise information of each complex symbol and in addi 
tion incorporate redundancy with the transmission of com 
plex conjugates and negative complex conjugates of the inter 
leaved symbols. 
The third transmit antenna transmits interleaved symbol 
X and X over the first transmission Sub-carrier channel 
and interleaved symbol X, and Xs over the second trans 
mission sub-carrier channel. The interleaved symbols in the 
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first column of the matrix and the third column of the matrix 
are transmitted at the first time instance and the interleaved 
symbols in the second column of the matrix and the fourth 
column of the matrix are transmitted at the second time 
instance. 
The encoding process for three transmitter antennas 

achieves a diversity of three and may not achieve a maximum 
diversity of four. This is because, as per the embodiment 
disclosed above, the last row of the matrix representation 
transmits interleaved symbols X, X, X7, Xs without 
their corresponding redundant interleaved symbols. While 
information of each of the other complex symbols, for 
example X is transmitted using the interleaved symbol X, 
the complex conjugate of X namely X* and the interleaved 
symbol X, each of which comprises information of X, the 
interleaved symbols X, X, X7, Xs do not have Such 
corresponding redundant symbols to assist in the decoding 
process. Hence the maximum achievable diversity may be 
three in the case of three transmit antennas. The encoding 
incorporates a time, space and frequency division multiplex 
ing simultaneously but is not so limited. 

In at least one alternative embodiment, the third transmit 
antenna can also transmit interleaved symbol X and a nega 
tive complex conjugate of interleaved symbol Xa namely 
(-X) over the first transmission sub-carrier channel and 

interleaved symbol X, and a negative complex conjugate of 
interleaved symbol Xs namely (-Xs) on the second trans 
mission Sub-carrier channel as shown in the following matrix. 

In an embodiment that uses four transmit antennas, the 
arrangement of the matrix is as shown in the following matrix, 
where each row of the matrix represents a transmit antenna. 

Each transmit antenna transmits information of all symbols 
over multiple antennas. For example, in the system using four 
transmit antennas, each of the four transmit antennas of an 
embodiment transmits information of all symbols over two 
transmission channels; alternative embodiments may use a 
different number of transmission channels. The method of 
encoding and transmission using four transmit antennas is 
similar to the one described above for three transmitantennas. 
Maximum diversity of four is achieved using the encoding 
method disclosed above on a four transmit antenna system. 
This is because, as per the embodiment disclosed above, 
every interleaved symbol has a corresponding redundant 
interleaved symbol within the matrix representation thereby 
achieving a diversity of four. The set of four interleaved 
symbols can be replaced by other interleaved symbols in any 
manner Such that each transmitterantenna transmits informa 
tion of all four symbols while incorporating redundancy. 

FIG. 4 is a flow diagram for proportionate allotment of 
power 400 to each transmitter antenna in the MIMO commu 
nication system, under an embodiment. The components of 
the antenna system 205 (FIG. 2) execute or control the power 
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10 
allotment 400 in an embodiment. Components of the trans 
mitter system of the MIMO system of an embodiment allots 
power 400 to antennas by determining 405 which transmitter 
antenna transmits interleaved symbols without a correspond 
ing redundant interleaved symbol. The transmitter system 
provides 410 greater power to the transmitter antenna trans 
mitting interleaved symbols without a corresponding redun 
dant interleaved symbol. For example, the last row of the 
matrix representation transmits interleaved symbols X. 
X, X7, Xs without their corresponding redundant inter 
leaved symbols. To improve the signal to noise ratio, the third 
transmitter antenna transmitting the interleaved symbols 
without their corresponding redundant interleaved symbols is 
Supplied greater power to increase the strength of the signal 
based on a weighted average of the number of interleaved 
symbols. Increasing the signal strength may reduce the 
amount of interference the signal may suffer during transmis 
Sion. For example, in order to attain data protection, unequal 
power is allotted to the available antennas so that the antenna 
transmitting the weaker symbols (e.g., the symbols without 
the Supporting redundant symbols) are allotted more power 
than symbols that have corresponding redundant symbols to 
assist in the decoding process. Matrix “B” that follows rep 
resents the unequal allotment of power to transmit antennas in 
the MIMO system of an embodiment. 

V3f4 () O 
B = () V3f4 () 

O () V3/2 

The effect of multiplying with the matrix B above is to allo 
cate to the third antenna twice the power that is allocated to 
the first two antennas. 

With the power weighing matrix as above, the system 
performance will improve, but the diversity of the code still 
remains 3 irrespective of the channels in the two sub-carrier 
channels. When however the fading in the two sub-carrier 
channels is not completely dependent the maximum diversity 
may not be achieved. To achieve maximum diversity, the 
components of the MIMO system of an embodiment use the 
following weighting matrix, 

1 O ejv? 
1 

- = 0 1 +eiv? () 
2 

ejv2 O 1 

FIG. 5(a) is a regular QAM constellation 500, under an 
embodiment. Some symbols from the set of symbols being 
represented by signal points have the same real or imaginary 
part as another symbol from the set of symbols. The horizon 
tal axis 525 represents the real axis and the vertical axis 520 
represents the imaginary axis. For example, complex symbol 
505 has the same real part as complex symbol 510 and com 
plex symbol 510 has the same imaginary part as complex 
symbol 515. 

FIG. 5(b) is a rotated QAM constellation 530, under an 
embodiment. The rotated constellation 530 of this example 
rotates the regular QAM constellation 500 by a predeter 
mined angle, for example 0.5*tan' (2), to obtain the rotated 
constellation 530. Alternative embodiments may rotate the 
regular QAM constellation 500 by any amount. The rotated 
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constellation 530 comprises points such that no two symbols 
from the set of symbols have the same real or imaginary part 
as another symbol. For example, complex symbol 505R, after 
rotation has a different real part than the complex symbol 
510R and a different real part than all complex symbols of the 
constellation, and complex symbol 510R, after rotation has a 
different imaginary part than complex symbol 515R and dif 
ferent imaginary part than all complex symbols of the con 
stellation. It is obvious to those skilled in the art that the real 
part of one complex symbol can be the same as the imaginary 
part of another complex symbol. 

Each publication and patent application mentioned in this 
specification is hereinincorporated by reference in its entirety 
to the same extent as if each individual publication or patent 
application was specifically and individually indicated to be 
incorporated by reference. 
The MIMO communication system described herein 

includes a method for transmitting data, the method compris 
ing at least one of selecting a first plurality of symbols from a 
set of symbols, the first plurality of symbols representing 
data, encoding the first plurality of symbols to form a second 
plurality of symbols, each symbol of the second plurality of 
symbols generated by combining a first part of a first symbol 
with a second part of a second symbol, the first and second 
symbols selected from the first plurality of symbols, and 
transmitting a combination of information of the second plu 
rality of symbols using a plurality of antennas, wherein each 
antenna of the plurality of antennas transmits information of 
each symbol of the second plurality of symbols over at least 
two channels. 

The set of symbols of an embodiment represent a plurality 
of points of a rotated constellation. 
The first plurality of symbols of an embodiment includes a 

set of eight symbols. 
The second plurality of symbols of an embodiment 

includes a set of eight interleaved symbols. 
The combination of information of an embodiment 

includes a first four symbols of the second plurality of sym 
bols, a complex conjugate of the first four symbols of the 
second plurality of symbols, and a negative complex conju 
gate of the first four symbols of the second plurality of sym 
bols. 

The method of an embodiment further comprises generat 
ing the rotated constellation by rotating a constellation that 
includes the set of symbols when at least one of a real and an 
imaginary part of one symbol of the set of symbols has a same 
real or an imaginary part as another symbol of the constella 
tion. The rotating of an embodiment includes an angle of 
approximately 0.5*tan(2). 
The transmitting of an embodiment further comprises 

incorporating redundancy in the second plurality of symbols 
by including a conjugate of an interleaved symbol for each 
interleaved symbol in the second plurality of symbols. 
The transmitting of an embodiment further comprises 

incorporating redundancy in the second plurality of symbols 
by forming a negative complex conjugate of an interleaved 
symbol for each interleaved symbol in the second plurality of 
symbols. 
The transmitting of an embodiment further comprises at 

least one of identifying a transmitter antenna of the plurality 
of antennas transmitting interleaved symbols without a cor 
responding redundant interleaved symbol, and providing a 
greaterpower to the identified transmitterantenna in response 
to a weighted average of the number of interleaved symbols. 

The MIMO communication system described herein 
includes an apparatus for transmitting, the apparatus com 
prising at least one of an encoder configured to receive a set of 
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12 
eight interleaved symbols corresponding to a set of eight 
symbols that represent data, each interleaved symbol from the 
set of eight interleaved symbols being created by combining 
a first part of one symbol with a second part of one other 
symbol, the symbol and the one other symbol forming part of 
the set of eight symbols, and a replication of a conjugate of 
each interleaved symbol and a negative complex conjugate of 
each interleaved symbol, a module coupled to the encoderand 
configured to arrange the set of eight interleaved symbols in a 
matrix, and a transmitter coupled to the encoder and the 
module, wherein contents of the matrix control transmission 
of the data by the transmitter, wherein each row of the matrix 
corresponds to one of the plurality of antennas and each 
antenna of the plurality of antennas transmits information of 
each symbol of the set of eight interleaved symbols over at 
least two channels. The matrix of an embodiment includes at 
least three rows and four columns. 
The matrix of an embodiment further comprises at least 

one of a first row with a combination of a first interleaved 
symbol, a negative complex conjugate of a second interleaved 
symbol from the set of eight interleaved symbols in a first two 
columns of the matrix, a third interleaved symbol and a nega 
tive complex conjugate of a fourth interleaved symbol from 
the set of eight interleaved symbols in a last two columns of 
the matrix, a second row with a combination of a complex 
conjugate of the first interleaved symbol and the second inter 
leaved symbol from the set of eight interleaved symbols in the 
first two columns of the matrix and a complex conjugate of the 
third interleaved symbol and the fourth interleaved symbol 
from the set of eight interleaved symbols in the last two 
columns of the matrix, and a third row with a combination of 
a fifth interleaved symbol, a negative complex conjugate of a 
sixth interleaved symbol from the set of eight interleaved 
symbols in a first two columns of the matrix, a seventh inter 
leaved symbol and a negative complex conjugate of an eighth 
interleaved symbol from the set of eight interleaved symbols 
in a last two columns of the matrix, the first two columns 
representing a first transmission Sub-carrier channel and the 
last two columns representing a second transmission Sub 
carrier channel. 
The set of eight symbols of an embodiment is selected from 

a set of symbols represented by a rotated constellation, each 
symbol from the set of symbols is represented in a different 
manner than another symbol from the set of symbols. 
The constellation of an embodiment is rotated by an angle, 

0.5 tan' (2) if at least one of a real and an imaginary part of 
one symbol from the set of symbols has at least one of a same 
real and an imaginary part as another symbol from the set of 
symbols. 
The matrix of an embodiment further comprises a fourth 

row representing a fourth transmitter antenna transmitting a 
combination of the sixth interleaved symbol, a complex con 
jugate of the fifth interleaved symbol from the set of eight 
interleaved symbols in a first two columns of the matrix, the 
eighth interleaved symbol and a complex conjugate of the 
seventh interleaved symbol from the set of eight interleaved 
symbols in a last two columns of the matrix. 
The first part of an embodiment is a real part of the symbol 

and the second part is an imaginary part of the other symbol. 
The MIMO communication system described herein 

includes a system comprising at least one of an encoding 
module configured to receive at least one set of eight symbols 
from a set of symbols, an interleaving module of the encoding 
module, the interleaving module configured to interleave 
each symbol from the set of eight symbols with a correspond 
ing combining symbol to generate a set of eight interleaved 
symbols corresponding to the set of eight symbols, and a 
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transmitting module of the encoding module, the transmitting 
module configured to transmit a combination of information 
of the set of eight interleaved symbols using a plurality of 
antennas, wherein each antenna of the plurality of antennas 
transmits information of each interleaved symbol of the set of 
eight interleaved symbols over at least two channels. 
The combination of information of an embodiment 

includes a first four interleaved symbols from the set of eight 
interleaved symbols, a complex conjugate of the first four 
interleaved symbols and a negative complex conjugate of the 
first four interleaved symbols. 
The set of symbols of an embodiment is represented by a 

rotated constellation in which each symbol from the set of 
symbols is represented in a different manner from each other 
symbol from the set of symbols. 

Each interleaved symbol from the set of eight interleaved 
symbols of an embodiment comprises information of the 
symbol and the corresponding combining symbol, the sym 
bol and the corresponding combining symbol forming a part 
of the set of eight symbols. 
The system of an embodiment further comprises a rotating 

module configured to rotate a constellation if at least one of a 
real and an imaginary part of one symbol of the constellation 
has a same at least one of a real and an imaginary part of 
another symbol of the constellation to generate a rotated 
constellation. 
The encoding module and the transmitting module of an 

embodiment are integrated within a single module. The single 
module of an embodiment can be implemented as part of at 
least one of a base station and a Subscriber station. The single 
module of an embodiment is a processor-based module. 
The encoding module and the transmitting module of an 

embodiment are configured to transmit the set of eight inter 
leaved symbols using an additional transmitter antenna in a 
predetermined manner. 

At least one set of eight symbols of an embodiment are 
transmitted over a wireless medium. 

The MIMO communication systems described herein 
therefore provide encoding and transmission methods using 
three or four antennas. Aspects of the MIMO communication 
system described herein may be implemented as functionality 
programmed into any of a variety of circuitry, including pro 
grammable logic devices (PLDS), Such as field programmable 
gate arrays (FPGAs), programmable array logic (PAL) 
devices, electrically programmable logic and memory 
devices and standard cell-based devices, as well as applica 
tion specific integrated circuits (ASICs). Some other possi 
bilities for implementing aspects of the MIMO communica 
tion system include: microcontrollers with memory (such as 
electronically erasable programmable read only memory 
(EEPROM)), embedded microprocessors, firmware, soft 
ware, etc. Furthermore, aspects of the MIMO communication 
system may be embodied in microprocessors having soft 
ware-based circuit emulation, discrete logic (sequential and 
combinatorial), custom devices, fuZZy (neural) logic, quan 
tum devices, and hybrids of any of the above device types. Of 
course the underlying device technologies may be provided in 
a variety of component types, e.g., metal-oxide semiconduc 
tor field-effect transistor (MOSFET) technologies like 
complementary metal-oxide semiconductor (CMOS), bipo 
lar technologies like emitter-coupled logic (ECL), polymer 
technologies (e.g., silicon-conjugated polymer and metal 
conjugated polymer-metal structures), mixed analog and 
digital, etc. 

It should be noted that components of the various systems 
and methods disclosed herein may be described using com 
puter aided design tools and/or expressed (or represented) as 
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14 
data and/or instructions embodied in various computer-read 
able media, in terms of their behavioral, functional, and/or 
other characteristics. Computer-readable media in which 
Such formatted data and/or instructions may be embodied 
include, but are not limited to, non-volatile storage media in 
various forms (e.g., optical, magnetic or semiconductor Stor 
age media) and carrier waves that may be used to transfer Such 
formatted data and/or instructions through wireless, optical, 
or wired signaling media or any combination thereof. 
Examples of transfers of such formatted data and/or instruc 
tions by carrier waves include, but are not limited to, transfers 
(uploads, downloads, e-mail, etc.) over the Internet and/or 
other computer networks via one or more data transfer pro 
tocols (e.g., HTTP, FTP, SMTP, etc.). When received within a 
computer system via one or more computer-readable media, 
Such data and/or instruction-based expressions of the above 
described systems and methods may be processed by a pro 
cessing entity (e.g., one or more processors) within the com 
puter system in conjunction with execution of one or more 
other computer programs. 

Unless the context clearly requires otherwise, throughout 
the description, the words “comprise.” “comprising.” and the 
like are to be construed in an inclusive sense as opposed to an 
exclusive or exhaustive sense; that is to say, in a sense of 
“including, but not limited to.” Words using the singular or 
plural number also include the plural or singular number 
respectively. Additionally, the words “herein.” “hereunder.” 
“above.” “below, and words of similar import refer to this 
application as a whole and not to any particular portions of 
this application. When the word 'or' is used in reference to a 
list of two or more items, that word covers all of the following 
interpretations of the word: any of the items in the list, all of 
the items in the list and any combination of the items in the 
list. 
The above description of illustrated embodiments of the 

MIMO communication system is not intended to be exhaus 
tive or to limit the systems and methods to the precise form 
disclosed. While specific embodiments of, and examples for, 
the MIMO communication system are described herein for 
illustrative purposes, various equivalent modifications are 
possible within the scope of other systems and methods, as 
those skilled in the relevant art will recognize. The teachings 
of the MIMO communication system provided herein can be 
applied to other processing systems and methods, not only for 
the systems and methods described above. 
The elements and acts of the various embodiments 

described above can be combined to provide further embodi 
ments. These and other changes can be made to the MIMO 
communication system in light of the above detailed descrip 
tion. 
What is claimed is: 
1. A method of transmitting data, the method comprising: 
selecting a first plurality of symbols from a set of symbols, 

the first plurality of symbols representing data; 
encoding the first plurality of symbols to form a second 

plurality of symbols, each symbol of the second plurality 
of symbols generated by combining a first part of a first 
symbol with a second part of a second symbol the first 
and second symbols selected from the first plurality of 
symbols; and 

transmitting a combination of the second plurality of sym 
bols using a plurality of antennas, wherein each antenna 
of the plurality of antennas transmits information of 
each symbol of the second plurality of symbols over at 
least two channels; 

wherein the first is a real art of the first symbol and the 
second art is an imaginary part of the second symbol. 
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2. The method of claim 1, wherein the set of symbols 
represent a plurality of points of a rotated constellation. 

3. The method of claim 1, wherein the first plurality of 
symbols includes a set of eight symbols. 

4. The method of claim 1, wherein the second plurality of 
symbols includes a set of eight interleaved symbols. 

5. The method of claim 1, wherein the combination of 
information includes a first four symbols of the second plu 
rality of symbols, and a negative complex conjugate of the 
first four symbols of the second plurality of symbols. 

6. The method of claim 2, further comprising generating 
the rotated constellation by rotating a constellation that 
includes the set of symbols when at least one of a real and an 
imaginary part of one symbol of the set of symbols has a same 
real or an imaginary part as another symbol of the constella 
tion. 

7. The method of claim 6, wherein the rotating includes an 
angle of approximately 0.5*tan' (2). 

8. The method of claim 1, wherein transmitting further 
comprises incorporating redundancy in the second plurality 
of symbols by including a conjugate of an interleaved symbol 
for each interleaved symbol in the second plurality of sym 
bols. 

9. A method of claim 1, wherein transmitting further com 
prises incorporating redundancy in the second plurality of 
symbols by forming a negative complex conjugate of an 
interleaved symbol for each interleaved symbol in the second 
plurality of symbols. 

10. The method of claim 1, wherein transmitting further 
comprises 

identifying a transmitter antenna of a plurality of antennas 
transmitting interleave symbols without a correspond 
ing redundant interleaved symbol: 

providing a greater power to the identified transmitter 
antenna in response to a weighted average of the number 
of interleaved symbols. 

11. An apparatus for transmitting, the apparatus compris 
ing: an encoder configured to receive a set of eight interleaved 
symbols corresponding to a set of eight symbols that repre 
sent data, each interleaved symbol from the set of eight inter 
leaved symbols being created by combining a first part of one 
symbol with a second part of one other symbol, the symbol 
and the one other symbol forming part of the set of eight 
symbols, and a replication of a conjugate of each interleaved 
symbol and a negative complex conjugate of each interleaved 
symbol; 

a module coupled to the encoder and configured to arrange 
an encoded set of eight interleaved symbols in a matrix: 
and 

a transmitter coupled to the encoder and the module, 
wherein contents of the matrix control transmission of 
the data by the transmitter, wherein each row of the 
matrix corresponds to one of the plurality of antennas 
and each antenna of the plurality of antennas transmits 
each symbol of the set of eight interleaved symbols over 
at least two channels; 

wherein the first part is a real part of the symbol and the 
second part is an imaginary part of the other symbol. 

12. The apparatus of claim 11, wherein the matrix includes 
at least three rows and four columns. 

13. The apparatus of claim 12, wherein the matrix further 
comprises: 

a first row with a combination of a first interleaved symbol, 
a negative complex conjugate of a second interleaved 
symbol from the set of eight interleaved symbols in a 
first two columns of the matrix, a third interleaved sym 
bol and a negative complex conjugate of a fourth inter 
leaved symbol from the set of eight interleaved symbols 
in a last two columns of the matrix: 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
a second row with a combination of a complex conjugate of 

the first interleaved symbol and the second interleaved 
symbol from the set of eight interleaved symbols in the 
first two columns of the matrix and a complex conjugate 
of the thirds interleaved symbol and the fourth inter 
leaved symbol from the set of eight interleaved symbols 
in the last two columns of the matrix; and 

a third row with a combination of a fifth interleaved sym 
bol, a negative complex conjugate of a sixth interleaved 
symbol from the set of eight interleaved symbols in a 
first two columns of the matrix, a seventh interleaved 
symbol and a negative complex conjugate of an eight 
interleaved symbol from the set of eight interleaved 
symbols in a last two columns of the matrix, the first two 
columns representing a first transmission Sub-carrier 
channel and the last two columns representing a second 
transmission Sub-carrier channel. 

14. The apparatus of claim Ii, wherein the set of eight 
symbols is selected from a set of symbols represented by a 
rotated constellation, each symbol from the set of symbols is 
represented in a different manner than another symbol from 
the set of symbols. 

15. The apparatus of claim 14, further comprising rotating 
the constellation by an angle, 0.5 tan' (2) if at least one of a 
real and an imaginary part of one symbol from the set of 
symbols has at least one of a same real and an imaginary part 
as another symbol from the set of symbols. 

16. The apparatus of claim 13, wherein the matrix further 
comprises a fourth row representing a fourth transmitter 
antenna transmitting a combination of the sixth interleaved 
symbol, a complex conjugate of the fifth interleaved symbol 
from the set of eight interleaved symbols in a first two col 
umns of the matrix, the eight interleaved symbol and a com 
plex conjugate of the seventh interleaved symbol from the set 
of eight interleaved symbols in a last two columns of the 
matrix. 

17. The apparatus of claim 12, wherein the matrix further 
comprises: 

a first row with a combination of a first interleaved symbol, 
a negative complex conjugate of a second interleaved 
symbol from the set of eight interleaved symbols in a 
first two columns of the matrix, a third interleaved sym 
bol and a negative complex conjugate of a fourth inter 
leaved symbol from the set of eight interleaved symbols 
in a last two columns of the matrix: 

a second row with a combination of a complex conjugate of 
the first interleaved symbol and the second interleaved 
symbol from the set of eight interleaved symbols in the 
first two columns of the matrix and a complex conjugate 
of the thirds interleaved symbol and the fourth inter 
leaved symbol from the set of eight interleaved symbols 
in the last two columns of the matrix; and 

a third row with a combination of a fifth interleaved sym 
bol, a negative complex conjugate of a sixth interleaved 
symbol from the set of eight interleaved symbols in a 
first two columns of the matrix, a seventh interleaved 
symbol and a negative complex conjugate of an eight 
interleaved symbol from the set of eight interleaved 
symbols in a last two columns of the matrix, the first two 
columns representing a first transmission Sub-carrier 
channel and the last two columns representing a second 
transmission Sub-carrier channel. 

18. The apparatus of claim 13, wherein the matrix further 
comprises: 

a fourth row representing a fourth transmitter antenna 
being used in a predetermined manner to transmit the set 
of four interleaved symbols. 
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19. The apparatus of claim 17, wherein the matrix further 
comprises: 

a fourth row representing a fourth transmitter antenna 
being used in a predetermined manner to transmit the set 
of eight interleaved symbols. 

20. A system comprising: 
an encoding module configured to receive at least one set of 

eight symbols from a set of symbols; 
an interleaving module of the encoding module, the inter 

leaving module configured to interleave each symbol 
from the set of eight symbols with a corresponding com 
bining symbol to generate a set of eight interleaved 
symbols corresponding to the set of eight symbols; and 

a transmitting module of the encoding module, the trans 
mitting module configured to transmit a combination of 
the set of eight interleaved symbols using a plurality of 
antennas, wherein each antenna of the plurality of anten 
nas transmits each interleaved symbol of the set of eight 
interleaved symbols over the least two channels; 

wherein the first part is a real part of the symbol and the 
second is an imaginary part of the other symbol. 

21. The system of claim 20, wherein the combination of 
information includes a first four interleaved symbols from the 
set of eight interleaved symbols, a complex conjugate of the 
first four interleaved symbols and a negative complex conju 
gate of the first four interleaved symbols. 

22. The system of claim 20, wherein the set of symbols is 
represented by a rotated constellation in which each symbol 
from the set of symbols is represented in a different manner 
from each other symbol from the set of symbols. 

23. The system of claim 20, wherein each interleaved sym 
bol from the set of eight interleaved symbols comprises infor 
mation of the symbol and the corresponding combining sym 
bol, the symbol and the corresponding combining symbol 
forming a part of the set of eight symbols. 

24. The system of claim 20, further comprising a rotating 
module configured to rotate a constellation if at least one of a 
real and an imaginary part of one symbol of the constellation 
to generate a rotated constellation. 

25. The system of claim 20, wherein the encoding module 
and the transmitting module are integrated within a single 
module. 

26. The system of claim 25, wherein the single module can 
be implemented as part of at least one of a base station and a 
subscriber station. 

27. The system of claim 25, wherein the single module is a 
processor-based module. 

28. The system of claim 20, wherein the encoding module 
and the transmitting module are configured to transmit the set 
of eight interleaved symbols using an additional transmitter 
antenna in a predetermined manner. 

29. The system of claim 20, wherein the at least one set of 
eight symbols are transmitted over a wireless medium. 

30. A method of transmitting data, the method comprising: 
Selecting a first plurality of symbols from a set of symbols, 

the first plurality of symbols representing data; 
encoding the first plurality of symbols to form a second 

plurality of symbols, each symbol of the second plurality 
of symbols generated by combining a first part of a first 
symbol with a second part of a second symbol the first 
and second symbols selected from the first plurality of 
symbols; and 

transmitting a combination of the second plurality of sym 
bols using a plurality of antennas, wherein each antenna 
of the plurality of antennas transmits information of 
each symbol of the second plurality of symbols over at 
least two channels; 
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wherein the first plurality of symbols is selected from a set 

of symbols represented by a rotated constellation, each 
symbol from the first plurality of symbols is represented 
in a different mariner than another symbol from the set 
of symbols: 

further comprising rotating the constellation by an angle, 
0.5 tan--1(2) if at least one of a real and an imaginary 
part of one symbol from the plurality of symbols has at 
least one of a same real and an imaginary part as another 
symbol from the plurality of symbols. 

31. An apparatus for transmitting, the apparatus compris 
1ng: 

an encoder configured to receive a set of eight interleaved 
symbols corresponding to a set of eight symbols that 
represent data, each interleaved symbol from the set of 
eight interleaved symbols being created by combining a 
first part of one symbol with a second part of one other 
symbol, the symbol and the one other symbol forming 
part of the set of eight symbols, and a replication of a 
conjugate of each interleaved symbol and a negative 
complex conjugate of each interleaved symbol; 

a module coupled to the encoder and configured to arrange 
the set of eight interleaved symbols in a matrix; and 

a transmitter coupled to the encoder and the module, 
wherein contents of the matrix control transmission of 
the data by the transmitter, wherein each row of the 
matrix corresponds to one of the plurality of antennas 
and each antenna of the plurality of antennas transmits 
each symbol of the set of eight interleaved symbols over 
at least two channels; 

wherein the set of eight symbols is selected from a set of 
symbols represented by a rotated constellation, each 
symbol from the set of symbols is represented in a dif 
ferent manner than another symbol from the set of sym 
bols; and 

further comprising rotating the constellation by an angle, 
0.5 tan-1 (2) if at least one of a real and animaginary part 
of one symbol from the set of symbols has at least one of 
a same real and an imaginary part as another symbol 
from the set of symbols. 

32. A system comprising: 
an encoding module configured to receive at least one set of 

eight symbols from a set of symbols; 
an interleaving module of the encoding module, the inter 

leaving module configured to interleave each symbol 
from the set of eight symbols with a corresponding com 
bining symbol to generate a set of eight interleaved 
symbols corresponding to the set of eight symbols; and 

a transmitting module of the encoding module, the trans 
mitting module configured to transmit a combination of 
the set of eight interleaved symbols using a plurality of 
antennas, wherein each antenna of the plurality of anten 
nas transmits each interleaved symbol of the set of eight 
interleaved symbols over the least two channels: 

wherein the set of eight symbols is selected from a set of 
symbols represented by a rotated constellation, each 
symbol from the set of symbols is represented in a dif 
ferent manner than another symbol from the set of sym 
bols; and 

further comprising rotating the constellation by an angle, 
0.5 tan-1 (2) if at least one of a real and animaginary part 
of one symbol from the set of symbols has at least one of 
a same real and an imaginary part as another symbol 
from the set of symbols. 
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